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(Currently Amended) 1. An electromechanical micromirror device 
comprising: ' 

a deviee single substrate with a 1st surface and a 2nd surface; 

a control circuitry disposed on said 1st surface of said single 
substrate; and — ®~ 

Lbstote irr ° r SeCti ° n diSp ° Sed ° n Said 2nd surface of said single 

wherein said micromirror section comprises: 
a micromirror; and 

at least 1 one support structure for supporting said micromirror. 
(Currently Amended) 2. The device of claim 1, wherein: 

said control circuitry is-mrnprisjn^drcuit selected from the 
group consisting of: CMOS circuits, NMOS circuits, PMOS circuits 
bipolar circuits, BiCMOS circuits, DMOS circuits, HEMT circuits ' 
amorphous silicon thin film transistor circuits, polysilicon thin fiim 
transistor circuits, SiGe transistor circuits, SiC transistor circuits 
GaN transistor circuits, GaAs transistor circuits, InP transistor 
circuits, CdSe transistor circuits, organic transistor circuits, and 
conjugated polymer transistor circuits. 

(Currently Amended) 3. The device of claim 1, wherein: 

said deviee single substrate ^^^^^ selected from 
the group consisting of a silicon-on-insulator (SOI) substrate a 
silicon subtotg, a polycrystalline silicon sut^TiT ~ 

ststat * I r tiC f™" * germanium 

SHbtote, a SiGe substrate, a SiC substrate , a sapphire substrate a 
quartz gut^ a GaAs s^trate, and an InP 
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(Currently Amended) 4. The device of claim 1, wherein: 

said micromirror section additionally comprises at least 1 one 
addressing electrode for actuating said micromirror. 

(Currently Amended) 5. The device of claim 4, additionally comprising: 

at least 1 one electrically conductive routing line integral with said 
deviee single substrate that connects said control circuitry to said at 
least 1 one addressing electrode. 

(Currently Amended) 6. The device of claim 5, wherein: 

said at least i one electrically conductive routing line comprises a 
via through said single substrate and a metallization in said via. 

(Currently Amended) 7. The device of claim 1, wherein: 

said deviee single substrate additionally comprises an insulating 
layer between said 4rt first surface and said 2nd second surface 

(Currently Amended) 8. The device of claim 1, wherein: 

said micromirror is furtr**^^ a metallic mirror. 
(Currently Amended) 9. The device of claim 1, wherein: 

said micromirror is furtr^^^ multilayer dielectric 



mirror. 
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(Currently Amended) 10. The device of claim 1, wherein: 

the said micromirror fnrthpr r o mpr isin g a s ubstantially pi, 
reflective side of p aid micromirror io jubjtantially plmmr with 
neither recesses nor protrusions. 

(Currently Amended) 11. The device of claim 1, wherein: 

** said micromirror further comp risin g a reflective surface of 3Q id 
micromirror has having no edges thato perpendicular to the a 
projection direction of the an incident light propagation vector onto 
the plane o f said d e vic e single substrate. 

(Currently Amended) 12. The device of claim 11, wherein: 

said reflective surface of said micromirror io in tine shape o f further 
comprisin g a polygon-shaped reflective surface 

(Currently Amended) 13. The device of claim 12, wherein: 

said polygon^shar^^^ is selected from me 

consisting of a rectangle^sha^^^ and a h J_ 

shaped reflprtive surface " 
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(Currently Amended) 14. The device of claim 1, wherein: 

said micromirror section additionally comprises a torsion hinge 
thaHs disposed to oupport underneath and supp orting said 
micromirror support structure; and 

npairofaup pu rtatruclui L jf o i said torsion hinge that further 
comprising a pair of supporting structur es for gug ggrting ^ 
said torsion hinge on said substrate. 

(Currently Amended) 15. The device of claim 1, wherein: 

said micromirror section additionally comprises at least 1 one 
stopping member thatlimi l a the fojOimiting^ rotation of said 
micromirror. 

(Currently Amended) 16. The device of claim 15, wherein: 

said at least I ong stopping member comprises a 1st stopping 
member that^ the forJimit^ the rotation of said micromirror 
in a 1st direction; and 

a 2nd stopping member thaHimits the fQrJimiti^ the rotation of 
sa ld micromirror in a direction opposite to said 1st direction. 
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(Currently Amended) 17. An array of electromechanical micromirror 
devices comprising: 

a P lurQlil > of elec t rom ec hanical mi au miaor devie es disposed . 
1 dimcimi oi ml ur 2 dim uu i ui iul array, ee mp ri siflg a eteviee sjngl 
substrate with a 1st surface and a 2nd surface; 

a control circuitry disposed on said 1st surface of said substrate; 
and 

an array of micromirror sections disposed on said 2nd surface of 
said single substrate wherein each said micromirror section 
comprises a micromirror; and 

Qt l0Q3t 1 ft su PP° rt structure for supporting said micromirror. 
(Currently Amended) 18. The array of claim 17, wherein: 

said control circuitry is-comprisin^ a circuit selected from the 
group consisting of: CMOS circuits, NMOS circuits, PMOS circuits 
bipolar circuits, BiCMOS circuits, DMOS circuits, HEMT circuits ' 
amorphous silicon thin film transistor circuits, polysilicon thin film 
trustor circuits, SiGe transistor circuits, SiC transistor circuits 
GaN transistor circuits, GaAs transistor circuits, InP transistor 
circuits, CdSe transistor circuits, organic transistor circuits, and 
conjugated polymer transistor circuits. 
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(Currently Amended) 19. The array of claim 17, wherein: 

said eieviee single substrate js-comprisin^ a ^h^ a , a se i ec ted from 
the group consisting of a silicon-on-insulator (SOI) substrate, a 
silicon substrate , a polycrystalline silicon substrate, a glass 
substrate s plastic subjstrat^ _a ceramicjsubjstrate, a germanium 
substrate, a SiGe s ubstrate , a SiC substrate , a sapphire substrate, a 
quartz substrate, a GaAs substrate, and an InP substrate. 

(Currently Amended) 20. The array of claim 17, wherein: 

said micromirror section additionally comprises at least I one 
addressing electrode for actuating said micromirror. 



comprising: 



(Currently Amended) 21. The array of claim 20, additionally 

at least 1 one electrically conductive routing line integral with said 
^evtee single substrate that connects said control circuitry to said at 
least 1 one addressing electrode of at least 1 one of said 
micromirror sections. 

(Currently Amended) 22. The array of claim 21, wherein: 

said a, feast i ^ electrically conductive routing line comprises a 
™ through said siogk substrate and a metallization in said via. 

(Currently Amended) 23. The array of claim 17, wherein: 

said deviee singk substrate additionally comprises an insulating 
layer between said 1* fica surface and said 2nd surface . S 
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(Currently Amended) 24. The array of claim 17, wherein: 

said micromirror is further mmpric^ a metallic mirror. 
(Currently Amended) 25. The array of claim 17, wherein: 

said micromirror is further comprising a multilayer dielectric 



mirror. 



anar 



(Currently Amended) 26. The array of claim 17, wherein: 

the said micromirror further mmp ric,^ ^ substantially pi 
reflective side of mi d mi ciu mii io r i n nil^ uiqiull) plunai with 
neither recesses nor protrusions. 

(Currently Amended) 27. The array of claim 17, wherein: 

** S -2&*^^ surface ^ 

«— -» has h^ no edges perpendicular to 

r^^^^ " ^ ™ation vector onto 
t he plane of said device single, substrate. 

(Currently Amended) 28. Tne array of claim 27, wherein: 

said reflective surface of said micromirror i***e*W^ ^ 

(Currently Amended) 29. The array of claim 28, wherein: 

said polygon^djgftaiiaa^ „ sdected from 

conststmg o/a rectangle^i^^^ and . 

shaped rpfWtivg gurfa£g hexagon. 
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(Currently Amended) 30. The array of claim 17, wherein: 

said micromirror section additionally comprises a torsion hinge 
that is disposed to support underneath and supp orting said 
micromirror support structure; and 

a pair of support structures for said torsion hinge that further 
comprisin g a pai r of supp o rting structures for sup porting niippm+« 
said torsion hinge on said substrate. 

(Currently Amended) 31. The array of claim 17, wherein: 

said micromirror section additionally comprises at least 1 one 
stopping member that limits the for limiting a rotation of said 
micromirror. 

(Currently Amended) 32. The array of claim 17, wherein: 

said at least 1 one stopping member comprises a 1st stopping 
member thaHimits the for limiting the rotation of said micromirror 
in a 1st direction; and 

a 2nd stopping member thaHimits the for limiting the rotation of 
said micromirror in a direction opposite to said 1st direction. 



January 26, 2005 



-10- 



FIshii001(10/698,620) 



(Currently Amended) 33. A spatial light modulator (SLM) comprising an 
array of electromechanical micromirror devices wherein said micro-mirror 
devices further comprising: 

a single substr ate with a 1st surface and a 2nd surface: 

a control circ uitry disposed on said 1st surface of said sing le 
substrate; and 

an array of micromirror sections disposed on said 2nd surface of 
said single substrate whe rein each said micromirror section 
comprises a micromirror: and 

a support structure for su pporting said micromirror. 
an array according to claim 17. 
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(Currently Amended) 34. A method of fabricating an array of 
electromechanical micromirror d c u l c*, micromirmrs comprising the 
steps of: 

providing a deviee single substrate- with a 1st surface and a 2nd 
surface; 

forming control circuitry on said 1st surface of said single substrate; 
and 



f orming a plu i alii^ of micromix iu r ocetionj o n Ju id 2nd juifuu. o f 
oaid oinglc aub^ t ratc, compiling the a lcp j o f . 

forming a plurality of support structures on said second surface of 
said single substrate and forming a plurality of micromirrors on top 
of and supported by said support structures, for supporting 
m ir r n miiToi j u u Ju id 2nd surfaee o f jnid sub l im i t ; and 

formi n g i pluiuli^ u f m ip romk iu i^u d nhaica Ll i jaiJ 
mirrnmim ■■ i.i j up pmtt d by n t l ea st 1 juid oU p por L j U u L[ uie . 

(Currently Amended) 35. The method of claim 34, wherein: 

said step of forming said control circuitry comprises a step of 
fabricating ^ circuits selected from the group consisting 
of: CMOS arcuits, NMOS circuits, PMOS circuits, bipolar transistor 
circuits, BiCMOS circuits, DMOS circuits, HEMT circuits 
amorphous silicon thin film transistor circuits, polysilicon thin film 
tractor circuits, SiGe transistor circuits, SiC transistor circuits 
tranSiSt0r Circuits ' GaA * transistor circuits, InP transistor ' 
circuits, CdSe transistor circuits, organic transistor circuits, and 
conjugated polymer transistor circuits. 
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(Currently Amended) 36. The method of claim 34, wherein: 

sai d step of providing said sing le substrate fnrfW n 
step of providing said sing lr deviee substrate is selected from the a 
group consisting of a silicon-on-insulator (SOI) substrate, a silicon 
substrate, a polycrystalline silicon substrate, a glass substrate, a 
plastic substrate,^ ceramic^ubstrate, a germanium substrate, a 
SiGe substrate, a SiC substrate , a sapphire substrate, a quartz 
substrate, a GaAs substrate, and an InP substrate. 

(Currently Amended) 37. The method of claim 34, wherein: 

said step of forming said micromir roi sections micromirmr. 
additionally comprises a step of forming a plurality of addressing 
electrodes for actuating said phaaKt^f micromirrors. 

(Currently Amended) 38. The method of claim 37, additionally comprising 



forming a plurality of electrically conductive routing lines integ^ 
mte^rated with said deviee single substrate tenets foT^ 

e^ ^ C ° ntr01 drCUitry t0 ^ **** * ^sTmg 



(Currently Amended) 39. The method of claim 38, wherein 



said step of: 



forming said plurality of electrically conductive routing lines 
comprises the steps of: 6 

forming at least 1 pne via through said substrate; and 
forming a metallization in said at least 1 pne via. 
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(Currently Amended) 40. The method of claim 34, wherein: 

said step of providing said single substrate further comprising a 
step of providing a single device substrate additionally comprises 
an insulating layer between said 1st surface and said 2nd surface. 

(Currently Amended) 41. The method of claim 34, wherein: 

said step of forming a plurality of micromirrors comprises a step of 
forming a reflective metallic coating on said micromirrors . 

(Currently Amended) 42. Thejmethod of claim 34, wherein: 

said step of forming a plurality of micromirrors comprises a step of 
forming a reflective multilayer dielectric coating on said 
micromirrors . 



J 
I 
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(Currently Amended) 43. The method of claim 34, wherein said step of 
forming said micromirror sections micromirrors comprises the steps of: 

forming said plurality of micromirror support structures such that 
iHs embedded in a sacrificial layer of sacrificial material ; 

planarizing a top surface of said layer ouch that 3aid sacrificial layer 
and the top of s aid micromirror support structures arc oubstantially 
planar; 



depositing a micromirror material on said piana^top-surface; 

patterning said micromirror material to form a plurality of 
micromirrors; and 

removing said sacrificial layer by an etching process. 

(Currently Amended) 44. The method of claim 43, wherein: 

said step of forming said microstructoes in said sacrificial layer 
further comprising a step of forming said mirrr> s tr,, rt ures in a \xy er 
composed of a material is selected from the group consisting of a 
photoresist polymer, a silicon oxide, a silicon nitride, a silicon 
oxynitride, and an amorphous silicon. 

(Currently Amended) 45. The method of claim 43, wherein: 

said step of planarizi ng said ton sur face fnrtW r^ ,^ , step 
of applying eemprises a chemical mechanical polishing (CMP) 
process. 
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(Currently Amended) 46. The method of claim 34, wherein said step of 
forming a plurality of micromirrors comprises a step of: 

patterning said micromirrors to have no edges that arc 
perpendicular to the a projection direction of the an incident light 
propagation vector onto the a plane of said device sing le substrate. 

(Currently Amended) 47. The method of claim 46, wherein: 

said step of f orming said micromirrors further comprising a step of 
patterning at least one of eaeh said micromirror is patterned to be 
in the ohapc of as a polygo n-shap ed mirromirror 

(Currently Amended) 48. The method of claim 47, wherein: 



said step of forming said polygon -shaped mirromirror is a step of 
forming said micromirror either as a rectangle-shap ed mirromirror 
or a hexagon-shap ed mir romirror nplertrH frmn thn gr OU p 
conoioting of a rectangle and a hexagon . 

(Currently Amended) 49. The method of claim 34, additionally comprising 
a step of: 

forming a torsion hinge for supporting eaeh said mim* support 
structure, structures by forming a hinge support followed by 
forming a torsion hinge on top of and supported by said hinge 
support, s aid otcp comprising : 

formi ng a plmuli t j efwyperts fo r jup p orting terabn hmgeo; and, 
forming a plurality of toraion hinges. 
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(Currently Amended) 50. The method of claim 34, additionally comprising 
the step of: 

forming at least tone stopping member that limits for limiting a 
the rotation of eaeh said micromirror. 

(Currently Amended) 51. The method of claim 50, wherein said step of 
forming at least 4 -one stopping member comprises: 

forming a 1st stopping member for limiting a the rotation of said 
micromirror in a 1st direction; and 



forming a 2nd stopping member for limiting a the rotation of said 
micromirror in a direction opposite to said 1st direction. 

(Currently Amended) 52. A method of fabricating an array of 
electromechanical micromirrors micromirror devices , comprising the 
steps of: 

providing a single silicon-on-insulator substrate with an epitaxial 
top silicon layer above an insulator layerrand- supported by a 
bottom silicon layer; 

forming control circuitry on said epitaxial top silicon layer; 

removing said bottom silicon layer, thereby exposing the insulator 
layer; 

forming a plurality of micr o mirror sections on said expo sed 
insulator layer, comprising the otcp3 of . 
forming a plurality of support structures followed by for 
supp orting micromir iui a, and forming a plurality of micromirrors 
o uch that each said mic ro miu ui in on top of and s npportpH by at 
lcast 1 said support structures structure . 
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(Currently Amended) 53. The method of claim 52, wherein: 

said step of forming said control circuitry comprises a step of 
fabricating said control circuits selected from the a_group consisting 
of: CMOS circuits, NMOS circuits, PMOS circuits, bipolar transistor 
circuits, BiCMOS circuits, and DMOS circuits. 

(Currently Amended) 54. The method of claim 52, wherein: 

said step of removing said bottom silicon layer comprises a step of 
applying a backgrinding step to remove said bottom silicon laypr 

(Currently Amended) 55. The method of claim 52, wherein: 

said step of removing said bottom silicon layer comprises a step of 
applying a chemical mechanical polishing (CMP) step to remnvp 
said bottom silicon laypr . 

(Currently Amended) 56. The method of claim 52, wherein paid 3lcp of 
forming oaid micromir ro i section additionally comprises a step of: 

forming a plurality of addressing electrodes for actuating said 
plurality of micromirrors. 

(Currently Amended) 57. The method of claim 56, additionally comprising 
a step of: 

forming a plurality of electrically conductive routing lines integral 
integrated with said deviee single substrate that connec t s for 
connecting said control circuitry to said plurality of addressing 
electrodes. 
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(Currently Amended) 58. The method of claim 57, wherein said step of 
forming said plurality of electrically conductive routing lines comprises 
the steps of: 

forming at least i one via through said substrate; and 

forming a metallization in said at least 1 via. 

(Currently Amended) 59. The method of claim 52, wherein said step of 
forming said micromirror sections micromirrors the steps of: 

forming said plurality of micromirror support structures such that 
iHs embedded in a sacrificial layer of sacrificial material; 

planarizing a top surface of said layer ouch thai said sacrificial layer 
and the top of said micromirror support structures arc substan t ially 
planar ; 

depositing a micromirror material on said planar top-surface; 

patterning said micromirror material to form a plurality of 
micromirrors; and 

removing said sacrificial layer by an etching process. 



(Currently Amended) 60. The method of claim 59, wherein: 

said Step of planarizi ng said top s urface further comp rising * etap 
of applying comprises a chemical mechanical polishing (CMP) 
process. 
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